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(57)Abstract: 

PROBLEM TO BE SOLVEDrTo improve TFT characteristics 
of a thin film transistor having a transparent semiconductor 
film. 

SOLUTION: A gate insulation film 4 which comprises a first 
insulation film 4a and a second insulation film 4b is formed on 
a gate electrode 3. On the second insulation film 4b, a 
semiconductor layer 5 formed of ZnO or the like is formed. 
The first insulation film 4a is formed of SiNx or the like having 
a high insulation property, while the second insulation film 4b 
is formed of an oxide (for example, Si02). Due to this 
structure, the crystallinity of the semiconductor layer 5 which 
forms an interface with the second insulation film 4b can be 
increased, and at the same time, a defective level of an 
interface between the semiconductor layer and the second 
insulation film can be reduced. By forming the second 
insulation film of an oxide, the capture of oxygen by the 
material of the second insulation film from the semiconductor 
layer can be suppressed, resulting in the crystallinity being 
kept in a good condition near the interface of the 

semiconductor layer with the second insulation film. Consequently, a thin film transistor which has a 
low level of leakage current in an off-region, has a high mobility and has a good switching 
characteristic can be realized. 
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[»*JI1 1 ZnO, Mg. Zn,., O. Cd, Zn 
... OSfcBCdO, i>L<itim(OfSm^fR*) 5*7G 
mZtciZN i#F-ySftfcZnO. Me, Zn 
».. O. Cd, Zn,., 0*fc»CdO*ffll>fc*ift 
H£. 

y- hmS<bfiTC&0Jire&mk%&^ttH€A!l>ft: 
flllftltlU. C©»l«lill*»J:t«Wa¥3»»»«cR 

$ft. 5R5sriwiif*»Rsr*wb!W*fflc»fc*2«itii 
i*wr*y-nft»flii*«*rt>*ci*ifair 10 

[mim2}m%m2wm.m\ sio, . Ta 

, O, . Ali 0 3 . TiO ! . MgO. ZrO, . s 
tab-ZrO, . CeO, . K, O, Li, O. Na 
, O. Rb, O. I n, O, . La, O a . Sc 
, O, . Y, 0 3 £fctt<:ft6©lNk'tt©9£*!>&< £ 
$> 2 o*^ttH«»*fflC>-CC>4 C £ *«f«£T *»# 
*1 KSBtt©«llF5>y**. 
[W*53] ZnO. Mg, Zn,., O. C d, Zn 

O^fcttCdO, *>L.<ttlffl©fflBR*BJl»>9*7C 20 
m&fciZN i#F-?"3ftfcZnO, Mg, Zn 
... C\ Cd, Zn,., OifcBCdO%ffll,»fcf#ft 
Ji£. 

y- h*«£ffffl*^j^*IMM^^#f**/llC»;te 

*n. &-oWj£?m*mmL,. kn b o 3 . k t a o 

, . BaTiOj . CaSnOj . C a Z r 0 3 . Cd 
SnO, . SrHfO, . SrSnO, . SrTi 
0 3 , YScO, . CaHfOi , MgCeO, . Sr 
CeOj , BaCe0 3 . SrZrO, , BaZr 30 
0 3 . L i GaO, . LiGaO, ©MUS (L i 
,.«.♦», Na. K, ) (Ga,., Al, ) Osteite 
tih<Dmtm<D5*>'Pt£< £4>2-?£^tfB?g&£fflC> 

in&m 4 ] Mtam 1 tmm& s in. a»6tt*c£* 

W&k. i/CHSIMOB 1 tt-C»-L» 3 ©t»r*i*> 1 9CCIE1I- • 

c vn&a 5 ] ©±ic BMie^f*M*if^ sn, k n b 

0 3 . KTaOj . BaTiO, . C a S n O, . Ca 40 
Z r 0 3 . CdSnO, . SrHfO, . SrSn 

0, . SrTiO, . YSc0 3 . C a H f 0 3 . Mg 
CeO, . SrCeO, . BaCe0 3 . SrZr 

0 3 . BaZrO, . LiGaO, . LiGaO, <D& 
§km <L U-c..o Na. K, ) (Ga,., A 1 , ) O 
, *fc»Cft£©&{M»©55iJ>&< £*>2o£^tf@ 

1, >0 4©t>-rft#> 1 ^tciats©?8Bi n 5>s**£. 
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©v h y ? x^^g. 

[0 00 1 ] 

^stenr * 4>©r&*. 

[0 00 2] 

[fie*©s^] *fiayR8sBttt©v h y * **n3ss 

«. y ^^«KiB5>JSft*:te*tv **&3RtcWBWi 

^>y^T*sON-r*£, KWBBE*<l£ J ftK:&&&£ 
ft. X-{^>^*WFFTSi. ig»li!i©«# 
ii*t*tfftftttC>. C©cfc5&*-f v^yjR^F-iOT 
j£<ffll>e>ftTl>*i»Ml-7>s;*£ (TFT) W. 9 

[0 00 3] 7t*77Xi"J 3>»^©MWiCj;0^ 

>y#tt#fiT**©*i*± , i"*Bwr*- + *i\>wtm 
iftftig©t§:g«. »ih7>yx 
^©Mi»xe^©it»n. «fe3R©»n*©fiTtt^©tts 
3^ hT^yfc«to'y^xyn'tt^©{BT ; &fs<. l 

feWoT. C©«fe5i5cWjH*)»*-r*fc». 7tm«£©^ 
l>*„ 

[ 0 0 0 4 ] «*.«. Saj*«(*WW. - 2 

5 1 7 0 5^18 (3tKl) . #Bfi¥6-0 6 7 1 8 7 
#<2>$B CfcK2 ) . 1 1 -50 53 7 7#^ 

(^3) <Cf (CR^SftTCv*.. 

[0 00 5 3 i*^OF¥t 9 y* s 3 

e v * y TiftBW* i o 1 ' mar 3 «T©a*tt* 

■a-scij&sga^sft-ro*. s-t. x^2«:«. mdsp 
©iai±*j«tyi!jsie<!wsii©aw-c. f ^ 

isaiBRb^«s £ ***a©a"J!¥*««Rr s ft r 

l>*^l53WBa^Sft-Ct>*. $/c. XSt3Kfcl,>Ttt. 
SBJ y^*f#* fc©lC . ^ + * *■ <!: L 
r F * + » y* 5 2 . 5 d«±©liiB*i»fl*r»%ffl 

c^cWspg^Sftrt**,, 
[0006] ccx\ hi ok. $&n<omm 

f©Vfl-IdHPtt«r*T. COilh7>^f«. a-Si 
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" (7 ! t;l'77^^ l J3» TFT©^SJ(C*jl>-C— as*} 
Km>6ftT^£PECVD£k:J;9«£M;**x/cS i N 

. (mm) *y~vt&mmturm<<K 

xz nozm^x^z. m 1 oa>6> ^-ta^i./ 

W=5/l 5/zmflg (LBft^Jl'fiS^U Wtt^ 

*&2®TFTict$^xmn$hm®W}m (u„> #o. 

5 2 on 2 As ©a-Si T F T Wm<D $W ft#14#l# 6 n 
fc. 

[0007] g/c. l^SSI ©¥##****£*# £/c#©* 10 
tfett. 1#Pi)¥9 - 5 9 08 7-5|&$B CfcMU) . 15132 
000-2775 3 4^<&$8 C£iSK5) ftt'JC&fl^ft 
-CI,**,, 

[0 00 8 ] (Ctt. sSKttS©Er&Itt*r6l±S* 

static. tf^zmfommici&mttntmKZttUfrh 

±*4^±r*««©»fiS^#Wm3JrCC»*. * 
/c. XlK5«:tt. «H?-*K£tt**/hS l>ttf4*T*ftS« 

[0009] 

[»»#J*i&l/J:5 4-r*m«J EtcjaUWffliEc^ 
-f^yW&ftSSlLfcO. J:Ol«BBP**»syt«t)K:T 
FT*©fc©*/haffcUfc9T*A:«>K:tt. TFT#14 
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to o i o ] ±ia©TFT#i4©r&j±fc«. 
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[00 11] 0*U JdE©»»^fW*4*W7j*Ufc 

sx^cciaiss n/c n ^ > v>x tf ft i*©»fiSt?«. tut 

o t» r ttffK 3 n/c t f t © h 5 > v> x z nfe^omw 
ftt'«-W^$nrc»ftt^ s/c. 

ffj^^y- hif&^M«. c*-rn^*-©^tt«*4% 
ffl^r^snTt^. wee. mrai©s i n, (^ja> 

fiW*iB£. ZnO*»e>SiN, tCcfc-DT&3l#f*tott 40 
■5©T, Wffi#i5©Z nO©feS14*i{ST-r€). 

[0012] — M&mnmmfmmxit. mmzm. 
mf&,m2&z&mtmcn>x. shwmmmtn 
mtvfflicBf&ztiztpfflm* mmm^^^xitm^fb 

[0013] l#>o. ^ti6B. mmzmte&tc^ i& 

©<fR8H. *8}»il£8H>fcfc©rttft<,>. 
[0014] c©j:5«:. 6e*©er#-c«. sbj^«($ so 
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t**4£fSIS h 7 f L-fc|Sg©y- h&JsiM© 
jURCCcfc -5 T F T^14©lS]±«:MT-5^Wft 3 ttT l> 
ft 

[0015] ±iawH*K:«*Tfc«* n/tfe 

©-C*D . ^^($^*4©^ h 'J »X*mttt(C*t* 
^(Ctf^/cfeK:. TFT1ft±^l^±-C#Sy-- Ute^lS 

xa^gsrHtt-r * c i *giw <t -r 

[0016] 

±ia©gJS=&Jg^-r*/c*^. ZnO. Mg.Z 
n... O. Cd. Zn,., OSfctJCdO, &L<«1 
ffi©«&£Bl9 5 ZTt^kStclZN i ifi K-yStlfcZ n 
O. Mg, Zn,.< O. Cd, Zn,., OS/c«CdO 
Sm»fc¥aH*»£. y- hfl@<b^ffi£J]5Jjrf £BMt 

[0017] ±sB©«jartt. &zimmimim*m 

l^CitCfctJ. C©^2^m<t^H ; S:^-ri.^ 
(*®<!:©l?HS^4?:M5fCC«OC<h^T#*„ Sfc. 
*l«MIW^t»«i^©t«**fflt»-T:t>*©r. a-Si 
T F T y'a -fe^© J: ^ fttbf5W®S©?aSffiHK:*J^-C 

[o o i 8 ] ^©ct^tc. y- \-i&mm*g?j:Z2m<D 

SmmxMf&f 5CiKJ;-9t, ^2i^tlgiW® ; &^ 

jds-ra**#)i©«att©iai±i, 2 

Kt©^ffl©^Fg«{i©{£j«i?:0*Ci*5-C^*o * 
©WI4tCcfc ( Z n Oft t') *»6§§3ltaigfc 

mtvnwtt&otegkmtmticmmstiZo corn 
^7^-c©isnmijsu^ju*^<, tf>-o®mw 

iSi^-r ?>^i4©MWftTins h ?^z>x*i)mm 
[0019] ±iB©si^h7>i>^f (c*it,»-c. mrie^ 

2mmmit> SiO, . Ta, O,. Al, O, , Ti 

O, . MgO, ZrO, . stab-ZrOi . CeO 

1 , K, O, Li, O. Na, O. Rb, O. In, O 

, . La, O, . Sc, O,. Y, O, SfcBCh^O 

mirno 5 %'pt£ < i i> 2 o4dtfH*flc*ffl«,»-ci»* 
ttim&u\,>. c©^^^. m2mm^±ii<Dmit 
fe-cwtsctr, m2tmm<Dtfnicj:-,x¥m& 
m (Znofti-) frt>mm&mt>tiz>ctmztA,t'u 
<ft*. 

[0020] *^<offe©^M F7>^i<iJ. ±IB© 
mmZMfc-TZfcltoK.. ZnO, Mg, Zn,., 0> C 
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d.'Zn,., O^fcttCdO, $> L < it 1 ffi<Dffi&&m. 
*i 5£7U^£/cW:N i tfK-^SttfcZnO. Mg, Z 
n,., O. Cd, Zn,., 0*/c»Cd04f 

^fflc^c^ i wmt . c i ^Mfc<fcomfe*« 

ft. ^ojK^tWffi^RSU^ KNbOj . 
KTaOj . BaTiOj . CaSnO, . CaZrO 
, . CdSnO, . SrHfOi . SrSnO, . Sr 
TiO, . YScO, . CaHfO, . MgCeO, . 
SrCeOj > BaCeO, » SrZrO, » BaZr 10 

0, . LiGaO, . LiGaO, ©ilSS (L i 

1 . c,, y , Na, K, ) (Ga,., Al, ) O, ZtcttC 

LT(,>*. 

[002 1 ] ±gB©8J)dc-Cte. 2 !6lftBt«taKb«f«ffi 

JbK©IMb«rtJ<fctfB*tttt. **fti?:a^SZn 
Ott££©«Hf-*«£#/hS<. Sffl^tt^Sfetl 20 

©«^ffl^ri^©T. a-SiTFT7'at^©<t 5 
Jttft«fija©«flE«H«:*Jt»TfKR3nfcWBI h7>^ 

[0 0 2 2 ] C©«fc^{C. y-H6»**a<c*2»© 

srrs*»««©iSiitt©iai±4. ¥«»iB4Sr2iKi» 

IS<h©WH©Xll««a©ffii«<!:5rSSC<i;*i-C#S < , « 
fc. JUZIBiHWiigECM^ttt-rflWE-riCi-C. S&2 30 
*ftl&J&©$* *4tC «fc o X *mtm ( Z n O & £' ) feftx 

jw*foft*c£a>t*iA,£«c<r>. ■en**. ¥*«■© 
fll 2 j&Kg £ © iHif ftifi©i(Satt*»a»«:«^ 3 ft £ . 

c©*s*. *7^-r©«6nsssu'<^*iffi<. *>o^ 

[002 3] ±MZ<D&Mf& h ? >yx ^(cteivr. mrta 
milft**W*S i N. 4ffit,^C^CiW$W>„ S 

i n, b. ( i ) »{ti»iftiiwcc*rLrtfc«fl«rtaa-ct 
KoiMtwtkfcsnu (2) mmmm<. *w*© 40 
«Btt*«i*t?*. (3) sio, itbt&L-cnjaw* 

»2IMMB*»<JI5lSt/t:<>. y-hiffi^lS©*6iKH4* 

[0024] ±§Z<D&mm V iKCfeOT. -e© 

±Kffria¥*f*@#0J?&Sft. KNbOj . KT a 
O a . BaTiO, . CaSnOj . CaZrO, . C 
dSnO, . SrHfOj . SrSnO, . SrTiO 
, . YScO, . CaHfO, . MgCeO, . SrC 50 
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eO, . BaCeO, . SrZrO, . BaZrO, . 
LiGaO, . LiGaO, ©igUJfc (Li,.,..,, N 
a, K r ) (Ga,., Al. ) O, $fc«Cft6©K*b 
m<D *> *>'ptji < £ 2 o*£tfH*f**fflt»fcT«Wl* 

O. 

[0 0 2 5 ] X*#9©WRh7>^:%*tC;tol>TK. 

¥3K*»iJWISfiJE3fta. C©/cJ6. SS© 

0. SJSh 5 >^x*©#t£*<ST3t!:-&C 
*CT. ±ie©&*b&*A:tt^ft6©B&#£fflO;fcT 
il±tc*il*I«fi!E-r4C iKi^t. bu^©»JS 
h5>y**«:*JW*fll2*filMUI5!«. f^Ii© 

6-T> ¥»»JB©«Ftt©«{bft»lW±Sti4<D'C. ast* 
S*^ffJB4©tt^S^tWA»tt««K:|(B3e^*ieJ 

[002 6] #IW©v xmrMHaitt* ±iB©i$ 

©i,»-rti^©»)Kh^>^x**H>ffB^-r v fit*- 

[002 7] ±IE©i£14ffefc?SII£ h7>^ *£fflO£ 

fwt*i«i±ti. 
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ibx 9 *>****iro*4iKttiaig*«a.. ±ia© 
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[0 0 2 9 ] Ktt@»**fiW*|-5>S?***t>. ± 
IS©WRh5>y^i»"Ci«fiW*Citt:j:^r. v h >; 

* x«s%«B©«ati:g©BiM3&»H e> n * . 
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«. «T©3i0r*a„ 

[003 1 1 01 {Ct^-TJ: occ, *H«fe©^tc^S« 

h^ffi3©±CC, y- h«6tUS4«r/rl/-C¥<IVi4:JB5«i 
»Jl$n. C©^i*@5±©ffi»C. y-X«i6 4 

k u a tifii&mz nzm* * am.om&^u l 

[0 0 3 2 ] SH«*¥j!l»®5«. ZnO. Mg. Zn 
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O. Mg, Zn,., O. Cd. Zn,., OS/dJCdO 

[0 03 3] y- H6MM4 tt. HntfiMJS4a*iJ:t>' 
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©ftSfttttl4.mJi.SiN, Ottbssy =»» ccj: 10 

[0 03 5ll2«SSI4b», milfe^)S4a<!:*« 

ftTfcO. mMMR4aiiJ:&¥i*ttll<!:©;R3r&J!i 

ffi&nmbx^z. coi2«5«i4b«, sio, , 

Ta, O s . Al, O, . TiO, . MgO, Zr 
O, . stab-ZrO, . C e O, . K, O. Li, 
O. Na, O. Rb ; O, I n 2 O a . La, 0 3 . S 
c, Oj , Yj O, SfcKCtl6©M{btt©9£4>ft< 
4fe2o**tfH»#*fflt»T»liR3nri»* Q 20 
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1 aj&7cX<!)!Nt& <miiWt«l) . ZtihTtmcDMS 

HS2it&fiM4 b«. I I b*>6 1 V b Ue7C*©K^b!BJ 

(msmtw . *n67E3R©»^»©Bi<b«! (3*4® 

4bft) . *fc«*tt6©SWb» (fB3fcJ:0'ffi4§S{b 

fflS»lShti>tfeJ:l>. 30 
[0 03 7 ] CCT, ±32©J:9«:fll)aiSti*»ilh9 
>y^>l©HiSS*. H2©KJtISH*fflC»r« 

[003 8] *■**. MMtt*K2(c, y- h«©3 <b«c 
&y- HiWi(/tTa43 0 OnmOf Srx^., 
£U >y&c J: o-cfSJiL. c©±tc7* F 'J yi'?? -y 
xe«cc0f^©»tt©uy^ K/<*— >*fHR"r*. c 
©b^x h^#-->£;Hi,>"cy- hm@tt&ccF, +o 
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T?&<9, tiZ.mt)ifi\. 5TorrT£>9. RF^?- (X 
j-ivftJiV-) ifil. 5kWT49, tf^i&ffirtiS i H 
, /NHj /N, = 1 50/750/200 0 scant? & 50 
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[0040] SMbS/ 'J => »S©fi£M*£fei or 

[0 04 1 ] 3 $&2i!fiMJ§4 b tOT. W*tf. 
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*y>yffi(Cj:-3T2 0 0 nmlSJib. 7* KJV^7 
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«ffi«rtUi£. y^y;ustti'c>-rn©^-c4>pTng 

[0 0 4 3 ] j&OT. 3? 'J>y^«:J:0Ta?r2 

OOnmESJSb. 7* h U yy*7 ■/fc.fctfCF. +O 

y^tCcfcO I TO (Indium Tin Oxide)?: 1 0 Onmffilg 
U FU-f>«S7«:aa.Sn4J:5«:. S&2*fiMJg4 
b±fc. 7* F uvy^y AtoXUx-v^i/m. (MM 

■C. i|£3im@8 £^/jST* (02 (e) ) . 
[0044]i»K. P-CVDSW^t, MlbfJ 
3>Mlt3 0 0 nmJt&KU COMftS/ V 3>^CC*J 

*r4C4-C«Hil9*»fi!EL. »MF5>5>**1# 

^s-rs (02 ( f ) ) . 

[0 045] ±IB©J: 9 «c tltcWm 
**l©Vg-l<*8tt*ia3K:5*T. tk^it 
r. t^©i80h7>^;*£©Vg-Id|#14£01 0(Ct^ 
-f. cn^>©f?MF^>> ; x^©^ + ^;u^-i*« > l/w= 
5/2 0 Mmr&-So 

[0 04 6 ] &«©9Mth7>£?;**(c:btt&y--h*e 
MM (S i N, ) &¥3MtM (Z nO) <t©Wffir«. 
y-FfftMBttf. *s»»JB(c*jW4ffi3R©— SP*ffi0ii 

(ti Fe ) * 5 0. 5 2on , As-C*t)/h$«,». 

[0 047 ] tniCJtU *iiKh7>i?X^ lTtt. 
01 KnvrJ^tc. ^«^a5 (ZnO) if?®?r»fiS 
■T-S02MMM4 bftqRftflrcft &*:«>. ZnOOMf 

JRMMK«<1. 3cra'AsiC[Sj±L//c„ 
[0 04 8 ] SSfc. M2MMR4 b (fl*.t*S i O, ) 
«1 0nmi?|tC>©'rieMt4«**0JS<ttt». 
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t*.* m i mmmA a (sin, ) wm^mmnzm? * 

fc«>. y- r H@ 3 is* 6© 'J - < to*, hti 

X, Jiyff&4$14£?££C 

CO 04 9] C©<fc3K:. *HSS©^S§K:^S^h7 
>i^^ i? 1 1 «fiili)&4 a t. m»ft 

@5 (Zno^i-) frtbrnrnzmtt^Mityizm^tc 

^2*6^114 b i^WT^y- hiffii^Jg4 5r<i^rc^ 

cntc^O. y- hifg^)l4(cj:^^tt*JcfcO*y 
- r*6*flg4 5 £©|?ffi#1*fe£|aj±i?-fc!-£C 

[ 0 0 5 0 ] m 1 *6li§t4 a ©****£ LXm^btiZ s 

i n, t* v -M<Dwntm&m<m£tmL-c . soo 
i n. ». j§isi*wg<. ^A-fxofiffittSrfiifcrr* 

CttT^S. SefC, SiN, tt. SS2ilfeliBUb© 
ttt44 0Tffll»ytS i O, <titi$L,T. fWX<6te* 
(BT 3 # & SH £ ft £ am A * > ?rW*U-r & C <b # 
5. tfc*ht, Sliil4a©^iltS iN, 20 
^IMCitCt^t, SiO, 2»6&&3iJf<Dy- r 

[005 1 ] [|Ufi©^Sg2 3 *2 ©HS»©BMMC-3C> 

r. iai*$«to'04{ca-5^ri^Bj-rn«. trr"©ii«) 
ot>ttt. mcwnzmzisxevmwziamTZ. 

[0052] #fli6©Jf2?SiC<fc&?iIS r 5 3? 1 
tt. 01 Ct^-rtHiS^&T* 1 . ¥«#@5teJ:0'y- h 30 
*6*tM4 <C4rtf&&2ttflftIt4 b ?r^-r £/c#©tm 
#Hife©0<!S 1 ©961 r 9 >5>* * 1 <b#i& S„ 

[0 05 3]*i(*15©tt*4iO-CB, ZnO. Mg 
, Zn,., O. Cd, Zn,., OiifcBCdO, 

« i mvm&zm.'o 5 &7cj£$;fc«N i a* K-y?n/c 

ZnO. Mg, Zn,., O. Cd, Zn,., OJ/dJC 
dO&mi>-ri>*. ^2^614 b©«*4£Or 

«. KNbOj . KTaOj , BaTiO, . CaSn 
O a . CaZrO, . CdSnO, . SrHfO, . S 
rSnO, . SrTiO, . YScO, , CaHf 40 
O, . MgCeO, . SrCeO, . BaCeO,, S 
rZrOj . BaZrO, . LiGaO, . LiGaO 
, ©igU^ (L i, .„.„ Na, K, ) (Ga,., A 1 
, ) O, £fc«Ctt6©&{t1&©-5*34>&< it2o* 

^tsmrsttzm^x 

[00 54] IMO&^liCffif&ZfthmmVv^isX* 

1 ©ssii^s*. m 2 ©ssi§igE£fflc>T PXTiom 
[0055] mm&mfa2.±.ic#- v®.m3te£u&i 

*6^il4 a^TSIl (02 (a) *$J:t>' (b) ) so 
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[005 6] ^2*fii^Jl4 b^ff^-TSIS (0 

2(c)) ttfcl>T«. ZnOiit't^i^?,?© 
^S^«f4-C*-5.W£Ur. m«"C a Z r O, ©If 

5. c©£#©RS§i^mi > s«ias^3 0 o°cr& 

0. mm&ffl%.&l OmTorr fifeO. U-lfwC^-Ai 
1 5 OmV, 5HzT£>&„ 

[0057] $ hie. mm#m 5 ^jf^-r -sxe (0 2 

(d) ) oefc^rtt. ^2^#fi4 b©±(C. mz-itz 
n Oa>6ft£a>6ft£i§HJ¥&ftMS£>' , 0l'* U— tf-f 1 
#i^3>&fCT2 0 OnmiftS. C©££©)&6i 

ifiias* 300 -c-c& 0 . mmnm%.tt 1 0 

OmTorr. u-if-/Sy— $fi l 0 OmV. 10Hzf*-5. 
[00 5 8] &LTICM< KU-{>1i©6*Jd;0*y"Xm 
@7^6«S®i9©^fCM^Xg (02 (e) fc^fcO' 

( f ) ) «. B>rai©jiss©^ss 1 -cm^tciLm^mm 

[0 0 5 9 ] ±IB©ct ^tC LXftf£Ztitcmf& h5>y 
lCDVq-Ic^f14?r04{C^T. 

[0060] *mm h7>-^ ^ 1 #2S#«5 
(zno) t?f.ffi$:nmTz>Tmm±LT<Dm2imm 

4 b <D&*r$mm* Z n O iCiS < . ZnO ©igU.tetffa 
±Lri^„ c©*£*. *®Blh7>^^^ 1©^^ 
( /i FE ) #1 • 8 enf /Vsteft±L/c. 
[006 1] */c. ^2^fg4 b?r3 0 nrnmULfc 
mi?^#«ja^3. 3cm J /Vs(C$-C^±Tt 

[0 06 2] CCT, »2^#ffi|4 b©Bti^©SMf4« 

^a7^*^ nnjfi*«p%, (ill) B-cts^rara© 

^^fg,o?.n^o ZnO*JcfcOlu^©S^©t§^ 
»*» 6 ItJSC L fcM* . H?ai©S ttfcKc *5 W ^> ±IB©^^ 
^&WckV2%Wm.X'$><0. *:1nt><DWmt. ZnOt 
tST^©^^ji5c>c<!:*5*5*^„ Ltctf-oX, C 

<d£'? tettn&m^xnm s n/cm 2 4 b ±ic z 
stt**i»i±-r-&©T. *fi»©*3w*wii*jK«a"rsc 

[006 3] cniC<J:*5. iih5>^$l*vh'J 

^^«^g©M^ffl©x ^ v z-isitm+icitMx&z 

J:^(c/J^b-r5c<b^-c#€). fiai"5J;^ 

l©|gliiffl^ifc4>tc»fflplfife-c&»). cn6«*^ 
rt©^-r ??>^*^-<!:iH]B#K:^ssDifie-c*?). 

[0064] immomm 33^3 ©njsc^sitcoci 
•c. m5tei.>Lm7 K.mrH,>xmwrtuz. iutomki 
x$>z>. *Hife©^s§K:*ji,>r. B?£©HJS©ff* 
S§ 1 (CfcW-2>t»fiKS^£l5l^©^ei?:^T4«lfSS^tc 



XL 

'* ^xit. mtn^*tttiLx*<D®.w>kiiti&-?z. 
[ o o 6 5 ] 0 5 tc^-r j: 5 «: . #mM<DBm<,a&2>m 

SS3»&£n£;0#m>$j££&Lr<,>£. C<D 

±{cias^fiS3ns©rw^< . tm&m&2±icmi& 

3ftfcTift*&ISH§l 2 (TitfUl) ZftLX. *<d±km 
j?£3*ir<,>&c £r*-5„ 

[0066] ±IB©Tiftiffi»M 12B. KNbO i . K 
TaO J , BaTiOj . CaSnO, . CaZr 
0 3 . CdSnOj . SrHfOj . SrSnO a , S 
rTiO, . YSc0 3 . CaHfO J . MgCe 
0 3 . SrCeO, . BaCeO, . SrZrO, . B 
aZrOj . LiGaO, . LiGaO, <DM.£km (L 

i,.,,,,, Na» K, ) (Ga,., A 1, ) O, & tz.it 

c n howHtmo *) < t & 2 ■o^tsmm^m 
i,>rff^3ftr<,x-5>. 

[0 0 6 7] S/c. CtDWgh^^X* 1 ft*Jl>r 
*J J: O* F W >HH 7 £?g 5 «&8S 9 fl^JS 3 tire » 

•5. 

[0068] ccr. iieOcfc^cc^EKsnssiSh^ 
>-^x^i i©«jBBfrffi*, 06©|gj i ii*i0£ffl^r 

[0069] Jf, I6lt&£tii2 (c. Ttttfittft 1 2 £ 
fcStmtLrCaH f 0 3 *XA? 5V>-?mcj:r) 
1 0 nmgJrTS (0 6 (a) ) „ C<Dt£<Df8.mg;t¥ 
it. iSLg#S2 0 0'Cr£>*K iiT.mMftWM/Th-ls 
= 4 0/6 Osccmr&D. JE*J#0. 7PaT^. 

[ 0 0 7 0 ] Aic. ±IE©TilM&fi^± 1 2±<t?.'< » 
£ ') ZsV&iZX *) I TO (Indium Tin Oxide)?: 1 0 0 n 
mMTS. *<D I T OHK. 7 * MJ V -f *j J; 
0'x^?>y?g (iS®?+58$) CCt&Ox-y hx^> 
y&fT^cir. y-^SI6. Ki/-{>li7fcJ;o' 

J^^@8£|l]B#K:0f£-rS (06 (b) ) „ 
[0 07 1 ] i&C>r. ^<W*4iirZnO*f)^4 
ZnOi5 1 * 'J or 2 0 0 nmfg 

n-r-s (He (c) ) . c©<b#©ss)g^#«. »«?a 

g# 2 8 0 "C. #Xifcfi#&3B/T>l'=f > =40/80 
sccnfC**). E##0. 7Pat*S. Z n Om^BfSL 

tu&. ^i/y^^i't^no^ffirfcpjter*^. 

[007 2] S2ifgi^^4 b£&£S i O, J® 
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(@6 (d) ) . s i o, mm4 i (Dimfkmmmu 

o o-cr*o. #Xi£S#&3t/7;l':3*>=4 0 
/6 0scanr&«3. E2>#0. 7Pat*5. 
[007 3] -g-Or. ^li^^4 a ttZZfUtfJ = 
>l424P-CVDatCJ:-7t:40 OnmSfTSi 
£*>£. -e©±(C v y-hHg3£ft£Ta|g3 1^3 
OOnrn^^ Vl/ifmiCXmrn?* (06 

(e) ) . 

[0074] ^t~> V n>|g4 2 ©J&Jgs&frW:. S©S 
10 @W> S 3 3 0 "Cr * 0 . ^ffAAi 1 . 5 Torrr* <0 . R 
F^>*7— (J*'"* y S^* 1 ? — ) * s 1 . 5kWr&9, //^ 
ifcfi«. S i H, /NH, /N, = 1 5 0/7 5 0/2 
0 0 0sccmr&£„ 

[0 07 5 ] ft*5. 'J => >M4 2CDfiScl@^)4£ L> 

Xit. *©flfe. ^A V dry>yffi«c<!f"CfeJ:c». 

[007 6] -f©^. Tal3 1±K. 
©U^X h y 7^57 KrjBfiRU COTa 

Jg3 1 £. g<ti"J3>l4 2i. SiO, i4 1i. 
ZnOi5 li^f-->^l/r f->«@3£. 

20 y-na»M4 4. mmmstzteisrtrz (06 

(f) )„ C©£fr. Tajg3 H8«tC«Mfc^y3>R 
424CF, + 0, tfX^rfflUfcF^ -fx 
^r^-^-->yr-5 0 SiO, B14 1 *J <t 
0*ZnOM5 1 £7 ^+5§8?©2t-£?£K:r^iu> hi 

[0 0 7 7 ]^f£&c. p-cvDefeiCckor. ^{b>y 

=i>«{i ; 2r3 0 0 nm^iU C <Dmtf <J 3 >W^(C 
4B(tftt»RSS8±&«7flU'C? F (0^-B-T) ±©Si5 
h -;yy^7 -<*jj;C>*F7'( r x^^>^K;j;»3 
30 ^*-r€.c£r«sjg9*^o. iih7>yx$ 1 
i*^fiX-rs (02 ( f ) ) . 

[0 0 7 8 ] X2ti$L<mmV \ lCCfat»T 

«. ^««w®5 (ZnO) T«kiffiilimi 2±tc^RS 

snrc^-s,, c©T«fiiffii^pi 2«> Buai©iiM©jBSi 

2r^2ite^M4 b<Dtmtl>xm^tc. ZnOitS^- 

il^tto^t^t^r^-sor^ ^»<*J15 £T«fcmi» 
M l 2 <t r ^ss 3 ti -5 Wffi©l#s#sr6i±-r ^> . l trf* 
x. x2Jim<Dmm\-?y>>xf i Kcfci^r^. 

<*M 5 ©«g B B B tt?r(S]± 3 -ti" C t #r # ^ . 
40 [007 9] Jfc, Tiiiil2 4iW4CitC<to 

v$kitfxtj:^$mx<if>-?xi>. ¥m#ms<Dmk<D&<t 

Wfi±2tl*>. 0/c*^r. S«ttW*. ^«(*)15<!: 

[008 0] ccr. ±te©j:5Kur{i;!!{3ft/dSjg 

h^>^Xi?l 1 ©Vq-ld*$tt£07{C7nT. COS© 
h7>-^ifl lC^ + ^^^tt. L/W=5/2 0ium 
r£>£„ COIlh7>^*l 1TB, 1. lcrfAs 

so [0081] M±.<D&mfc<Ditmta<svz>mm \-^>^ 
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X**\ ■ 1 11*. &S>£. on/off Jfcft £*#£»& X-Y v 
< m <- > 6 ft T t > £ a-Si T F T £ l3j3fW±©1?fefife#f# 6 ft 

zno«bifM*^r-s«iSK mztmm 

4 b S/cttTUMftlSIS 1 2 ) ©J&lg&ttfcHSJ-CW^ SlJfe 
©JB» 2 <DSf£? J: 5 ft . IK t ^ttK (Kan 1 /v 
s) #f#6ft£. CftKJ:9. xv'UJ t,ci$tf 

z>?.A v=f-sv%=i-ti,x.. • 1 1 

[0082] fcfc. Btr^ODiefeO^ 1 0 3 "CW. 

iih7>y^f i • i 1 ©s^iii©!^ (S2 

(a) fcOL ( f ) fc<tt>16 (a) ftlr>U («))K 

Ltcmmhz>^i;xz 1 • 1 ltc-^rt. ±teo^ 

©WftK^TftMSft/cagF^^;** 1 • 1 1 £ 
[0083] C 9m<OfBM 4)^4 > 

-c. H8*»«fcana9«:s-3t»-cttwm«. jwt©«») 

«l*j«fcV3CC48tt*flteR|SRi|5IV®««*Wr*» 

[ 0 0 8 4 ] 0 8 ictjk? «fc 5 «c . *206® JBJBtcffi* v 

7U-f21i, V-Xh'7'{^22i, y- F F5-f/t 
23i, MMHK2 4£. WBI3K2 5 £*«*.-Ct» 

[008 5] mmr V W 2 1 . F5 ^ A2 2*sJ: 

o*y- f K7-fA2 3«. e±K?Kjassnr(,> 

[0086] U-/2 1 tC*$C>T «. ^$t©y- F 

7^>GL,.GL 1(1 -i^S©y-X7-/>SL,. S 
Lh.. •£^3S^T?)tfcmriB3nTteO. B$*fT£2 
#©y- h^-r>GL • GL£mt£?2>2*<DV--X7 

-osl • sLi-caH^n/cgp^ci^ (h«*>. p i 

2 7-«, ^S7U-/ 2 1 flT7 F 'J i/XtK&CK^JSft 
"Cfctj. l^JI!§?c9tel;fc©V--X7^>SL*Wi!5 

-ceft-c^s. 

[0 08 7 ] ftA?** *yu-f©J*£. M^2 1«. 

fltessnroa. — r^y* f y **£BKA 

y^ ^yuwHCfcWSI&fPlsgSC, I*. 3Un=S:S3£3-t* 
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5 £WL--Cl>£. tiKjgfiCs I*. f&H^ffiC «>F-7 

>^** T<Dv-t?mfa bz^isx* T©y- F • V 

Ste£Stt©&llK ia^iC, ©fl^y-*&m±^ 

[008 8] F5>s?**T©y-R*, y-F^-r> 

sjgac s ©— ^<D«fi». h7>y^^TOKu-f> 

10 kaskc,. ©ffc£©m&«. m-tB^ti^r 
*tftli@ttlgit&;*ft. ifttSSC, ©«#©*»*. £ 
*g*tCftffi©g|jnL&«,»*aSfi&IS (Cs on ConrnontUit 
©*§^) . £ tcitmm?* f- H-/>GL (Cs on Ca 

tst*i6©«te) «cJK.»3*vci>s. 
[0089] £ftti>y-h?<r:'GL 1 .GLi.i •••«. 
y- h k^-y^'2 3(c^$n. ^&©y-*fi^s?s 

Li.SL,., V-X 2iCg^3tXTC^ 

2«. -?-n-en^^m^Ev c „ • v ot £iiagmEEv 
20 sh • v SL £ic«t offittstirt**. 

[0090] y-XF7-fA22B, *IJ®I|51S§2 4{C«fc 
•3#^.e»n/cl!*^fl-^DAT?:*lJ®t51SS2 4*i6©[5«9 
m-^C K S J; O'x £ - h ^Vl/X S P S &c«-3t,>T-tJ-> 

•7- >j > y l x&m<Dmmicmm s n/c v - x ^ a > s l 

,.SL,„ -tCttlTj-rSiOK^oTC^. y— F F5 
^;<2 3« t *IJ®I5IgS2 4^6©l5l^<i#CKG • GP 
s*jJ;o*x^— h^xs pg icm^r Stf©^ 2 
7 — iCSc^S3iT./cy— F5-<>GLi . GL,,, • CC-^x 
5y- Ks-^?:^-r^J;^{CAd:^r^So 
30 [0 0 9 1 ] ^®|5|S§2 51*. mWMEEV iH ■ V 5l • V 
oh • V CL . Sftk«[iCOM*jJ:^«EV..^^-rSlHl 

gg-c*s. mmmf£v iH • v sl i*. -e-n-enu^;u©s 

&-2>mEET*«3. y-XF'7^^2 2m6no. ^1 

««EV„ • Vc.ti. -eti^4iu-<ju©^^smE-c* 

0. y- h F5-f/<2 3tC^6n-2>o Sifim(4COM 

*«2 6tcia^6nsH^i/^c^3imSi^(c^^ 
e>n^o 

[0092] cct, ±ie©F5>^x^T«. Btrai© 

j|Sfe©^l I, 3 itfctfSliJgF 1 • 1 

40 1 (SlfcitfiStl) ®MF7>i>X$ 1 

• l ll*. iitjj$©<fc 5 fc. Stt@[* 1 li5<?ai4^rAS© 
T. C©IIF7>^f 1 • 1 1£J£*2 7?:|g«|-r 

p a D {4©®ti/cv f >; ^x^^g^^-rsct^te 

{OS -So 

[0093] »«c. ttff«aafc©tt« B <Kiv»y- f f^ 

-f^-2 3*t?l^-S[5]SS^©^^. F7>^^^-C«l 

fiSsn-siHisgtcfciiT. #F7>i?x^Ai. Btrj^©^ 
f-7>v ; x^i • i ens. »BF7>y^ 

50 5H-1 l^iBttfil (SS^WlS^i') 5rWr-5>C<!:«:J: 
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[0 0 94] */c, i£f&2 KDY^yitZ-ZTtmbm 
8§©h7>i?X2££|5lO F7>^f 1 • 11"CM 

[009 5] J£Lh©J:5(C, ^2 7ffl©h7>t?X^ 

T*5£vmwm&m<Dh7i/>>zi?£Lx, 0ttf-c»|g 10 

[0096] tLt. &m&mm$5<ku t msz<Dtti<Dmm 
mmicte^x . &oa>©04£^Lft:#. *«wtt. ± 

< ±x (omi&ic mm s ti z> „ 

[009 7] 

ZnO. Mg, Zn,., O. Cd, Zn,., 0£ 20 
fcttCdO, fcL<lilffi©fffi£fc£&9 5£7C*£ft:«: 
Ni*5K-7'?n/cZnO, Mg, Zn,., O. Cd, 
Zn,., 0£/c»CdO£fflC>ft:¥«Wl<!:. y- HI 
«4OT*»^*»t«l«jW>«»*ffll>fcJII 1 161ft 

vttmwktzffiz-x^zmmx&z. 
[0 09 8] coct^fc. v-vtmmzmtezzmv 

tfL?z&m#m<Di&ii,&<Dfo±k. mmwmtmztm 30 

©«»«c <fc ■jt^awtttt' &BBR*s**>ti& c <t ^upsm 
r^-So -en^*. ¥^i*Ji©^2tei»jgi©^ffi#ia 
©ttattaw^tfccfiu^sn*. c©*£m. *7mmx<D 
mtiMBt u ^uj&ms < . jfc-asttpa&pasc > * -f » ^ > y 

<HSt4©lt«F&i!tM h 5 5r*S|^K-C# 4. Lft;#o 

[009 9] ±IE<D9Wi h (t*J(,>T. Bfrlfi^ 40 

2iffi»^«. SiO, . Ta, O s . Al, O, . Ti 
O, . MgO, ZrO, , stab-ZrO, . CeO 
, , K, O, Li, O. Na 2 O. Rb, O, In, O 
, . La, O, , Sc, O,, Y, O, */c«Cft6© 

Cir. ^2*6^lSOfer*4K:J:-,r^(*^^6^AJ 
[0 1 0 0 ] #&W©ffe©?fJgh7>i;*£tt. Zn 50 
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C\ Mg, Zn,., O, Cd, Zn,., OSfcttCd 
O. 4>L<ttlffi©fl&£IR9^5^*/cttN i#F 
-7"3tlft:ZnO. Mg, Zn,., O. Cd, Zn,., 
OSfcttCdOiffl^fc^ftii. y-H^4Wffi 

©»ll»Hfc«fcC«WB2|£«ttJB«:**n. frowst 
nW&Bf&L. KNb0 3t KTaOj . BaTi 
O, . CaSnO, . CaZrO, . CdSnO, , S 
rHfOa . SrSnO, . SrTiO, . YSc 
O, . CaHf O, . MgCeO, . SrCeO, . B 
aCeO, , SrZrO, , BaZrO, . LiGaO 
, . LiGaO, ©illl* (Li,.,,,,, Na, K, ) 
(Ga,., Al, ) O, SLltitCtl^<Omi9KD'i%^ 

[o i o i ] c©ct^(c. y- m&kr&a&s2Ji<!> 
tmmxffim-rzcticjz^x^ mzmmmt^m^m 

mtvjmoxf&m&v&fiit&mzct&x'sz. # 
x&&icm-octwx'£2>. ttc, m2mmm*±.M<D 
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